In 1930 Delrue (1) reported that the isolated gastric mucosa of the frog, when mounted properly in a dual-chambered bath, will secrete acid and will respond to the addition of drugs. The same author subsequently demonstrated (2) the effects of varying the ionic composition of the artificial medium on the in vitro production of acid. The theoretical importance of this approach to the study of the mechanism of acid formation by the gastric glands is apparent. However, to our knowledge, this work has never been confirmed, nor has the method been applied to the problem of acid formation.
METHODS.
From a pithed frog the stomach, together with a short segment of the esophagus and duodenum, was removed and washed out with isotonic saline. An incision was made along the lesser curvature through the muscularis layer and the intact mucosal layer was dissected free. The resulting tube of mucosa was cut along the lesser curvature and spread out as a flat membrane over a hole, one centimeter in diameter, made in the center of a thin Monel metal plate 4 cm. square. Another similar metal plate was placed on top of the mucosa and the two were bolted together with the mucosa held firmly between them. This assembly was then mounted between two small glass chambers shaped like CaC12 tubes. Each chamber had a hole 3 inch in diameter ground on one side. The chambers were clamped together with a modified burette clamp in such a way that the edges of the holes in the glass chambers were pressed in water-tight contact with rubber gaskets which had been cemented around the holes in the metal plates. The contents of the two chambers were thus separated only by the thin layer of the gastric mucosa.
One chamber with a capacity of 6 cc. was filled with 0.7 per cent NaCl solution through which air was bubbled; this solution bathed the natural secretory surface of the mucosa. The other chamber with a capacity of 15 cc. was filled with an artificial nutrient solution aerated with 95 per cent oxygen and 5 per cent carbondioxide ; this solutionbathed the side of the mucosa which had originally been in contact with the muscularis. 327
The fluid level in both chambers extended above the upper edge of the mucosa, but higher on the nutrient than on the secretory side. This caused the loose membrane to balloon slightly into the secretory solution, so that the agitation produced by aeration effectively stirred the solution and prevented a tenacious layer of mucus from forming on the mucosal surface.
The outlet at the bottom of both chambers permitted convenient emptying, and, in the case of the secretory chamber, it provided a connection for a salt bridge for the measurement of pH.
The bridge was filled with RESULTS. A large number of experiments have been made with various modifications of the apparatus and with various nutrient and secretory solutions. However, only results obtained with the method as described above, which yielded the most consistent and satisfactory results, will be given.
When the gastric mucosa of the frog was mounted as described, but not treated in any way, the pH of the secretory solution gradually fell over a period of hours and reached a plateau. In figure 2 , the average of eight consecutive experiments of this type is presented in the form of a graph. The pH fell from an original value of 6.4 to a final value of 2.55. The highest acidities of the individual experiments ranged from pH 2.86 to 2.14. The highest acidity that has been observed is pH 1.6.
In figure 3 , the development of acidity in the secretory solution has been plotted in terms of millimols per liter, instead of pH units. The rate of acid secretion, in terms of micro-mols (thousandth of a milli-mol) of H+ added to the bath each half-hour, is also shown. It is apparent that the mucosa does not begin to form appreciable amounts of acid until approximately two hours after being mounted, and that after 6 hours acid formation practically ceases.
The factors which are responsible for this "spontaneous" secretion have not yet been determined. The cessation of secretion, however, is not due to an automatic suppression of further secretion by the presence of acid in the secretory solution. This is indicated by the fact that frequent renewal of the secretory solution does not alter the time at which secretion ceases ( fig. 2) .
Several types of experiment have yielded evidence which indicates that the in vitro production of acid represents a true secretory process. For example, non-specific membranes, such as the esophageal mucosa, the abdominal skin, or the abdominal musculo-peritoneal layer of the frog have failed without exception to form acid. In fact, the pH of the secretory solution has always increased ( fig. 2) . Of similar significance is our confirmation of Delrue (2) that gastric mucosa taken from winter frogs produces very little acid in vitro. It has been reported that the gastric glands of the intact frog do not secrete readily in winter (3) .
Additional evidence that the in vitro production of acid is not the effect of a non-specific semi-permeable membrane was obtained in the following way.
The gastric mucosa was mounted in reverse in the apparatus; the secretory surface was thus in contact with the nutrient solution and the muscularis surface in contact with the secretory solution. Under these conditions, in each of 14 experiments, the pH of the secretory solution rose. In fact, the solution became more alkaline than in the case of the nonspecific membranes mentioned above, suggesting that alkali was being liberated from the muscularis surface.
The fact that the pH of the buffered nutrient solution fell slightly supports this interpretation. After these membranes had been mounted in reverse for 2 hours, they were restored to the proper position.
In ten cases the mucosa had apparently been killed and failed to secrete acid after this restoration; in four cases, however, the mucosa survived and, produced significant amounts of acid (f&5 2).
DISCUSSION.
The results reported here confirm and extend the observations of Delrue. This investigator recorded the pH of the secretory solution by means of a quinhydrone electrode, which necessitated the periodic removal of samples for the determination of pH. By the use of the glass electrode, which does not contaminate the solution tested, this complicating factor has been avoided. The nutrient solution used in this study conforms more closely to the ionic composition of frog's blood than the solution used by Delrue.
The technique employed has yielded consistent and uniform results.
In the majority of experiments Delrue (1) obtained pH values ranging from 4.2 to 4.8, although occasionally lower values (pH 2.+) were obtained. This latter level he found to approximate the usual pH of the gastric contents of the frog. This was used as support for the belief that the in vitro acidity closely approximates the in vtio acidity of the frog's stomach. However, Friedman (4) has reported that pure gastric juice obtained from the frog may have a free acidity of 72 millimols per liter, which represents in vitro, w a pH of 1.4. One could hardly expect to obtain this acidity rhen the gastric secretion is diluted many times by the fluid of the secretory chamber.
In our experiments the acidity regularly fell considerably below the range of 4.2 to 4.8, for the average was 2.55. This difference is greater than appears superficially, due to the logarithmic nature of the pH unit. As can be seen from a comparison of the pH curve of figure 2 with the acidity curve of figure 3 , a fall in pH from 6.0 to 4.0 represents an insignificant secretion of acid, whereas a fall from 3.5 to 2.5 represents the secretion of appreciable quantities of acid. In our experience, a pH below 3.0 has been followed by a gradual decrease in acidity after 8 to 10 hours. Delrue, on the other hand, reported that the plateau of acidity, presumably at higher pH levels, would persist for 24 hours or longer.
The production of sufficient acid to lower the pH of the secretory solution to an average value of 2.55, cannot be due to the formation of CO2 by the dying mucosa. Irving (5) has shown that the pH of the gastric mucosa of the frog after death does not fall below pH 6.0. We have found that bubbling air through 0.7 per cent NaCl solution will not lower the pH below 60 . . If the formation of acid in vitro were a non-specific process, there is no reason why it should not have occurred when non-specific membranes were used, or when the mucosa was mounted in reverse. CONCLUSIONS 1. The isolated gastric mucosa of the frog, when mounted in vitro in a suitable dual-chambered bath, formed sufficient acid to lower the pH of a saline solution to an average value of 2.55.
2. This formation of acid is believed to represent a genuine secretory activity on the part of the gastric glands for the following reasons: a, nongastric membranes fail to form acid; b, gastric mucosa taken from winter frogs forms little acid; c, the gastric mucosa exhibits a polarity such that acid is secreted only from the natural secretory surface, and alkali is liberated only from the reverse side.
